ULRICH ROHS, HANS ROHS & DIETMAR HEIDINGSFELD, citizens of 
Germany, whose residence and post office addresses are Roonstrasse 1 1 , 52351 
DOren, Germany; and Bodelschwinghstrasse 36, 52078 Aachen, Germany, 
respectively, have invented certain new and useful improvements in a 




TORSIONAL VIBRATION DAMPER 



of which the following is a complete specification: 



TORSIONAL VIBRATION DAMPER 



[0001] This application is a continuation application of prior filed U.S. 
Application No. 09/349,264, filed July 7, 1999, now abandoned which claims the 
priority of German Patent Application Serial No. 198 30 432.3, filed July 8, 1998. 

BACKGROUND OF THE INVENTION 

[0002] The invention relates, on the one hand, to a process for damping 
torsional vibrations in which two subassemblies are rotatable relative to one 
another and interact with one another via at least one essentially tangentially 
effective elastic element, so that the length of the elastic element is changed in 
dependence on a relative angle between the two rotational subassemblies. On the 
other hand, the invention relates to a process for damping torsional vibrations in 
which two subassemblies are rotatable relative to one another and interact with 
one another via at least one elastic element so that the elastic element is 
compressed in dependence on a relative angle between the two rotational 
subassemblies. Furthermore, the invention relates a process for damping torsional 
vibrations in which two subassemblies are rotatable relative to one another and 
coupled to one another by at least one coupling element, which opposes a relative 
movement of both subassemblies. Also, the invention relates to a respective 
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torsional vibration damper. 

[0003] This type of process and such a torsional vibration damper are 
known, for example, from EP 0 777 059 A2. This publication discloses a torsional 
vibration damper comprised of a rotating drive disk, and a coaxial driven disk, 
which rotates in a same direction, with means for elastic force transmission. In 
order to simply and cost effectively design such a torsional vibration damper and 
to facilitate the neutralization of vibration in all load ranges of a drive, including the 
idle range, the drive disk should partly overlap the driven disk and have radial slots 
which are spaced about the inner circumference of the overlapping part and have 
ends which are slightly wedge-shaped. The cross-section of the drive disk has a 
polygonal outer surface area. Pairs of wedge-shaped thrust pistons are arranged 
in the slots and forced apart by at least one compression spring, whereby the 
thrust pistons are flat or slightly curved on their sides opposing the outer surface 
area of the drive disk. When the two rotational subassemblies are rotated at a 
relative angle, the compression spring, as an elastic element, is extended in length 
in dependence on the relative angle between the two rotational subassemblies. 
Thus, the coupling configuration of thrust pistons and compression spring opposes 
a relative movement of the two rotational subassemblies. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the invention, to provide damping processes and a 
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torsional vibration damper of this type with a wider range in the adaptation of 
damping behavior. 

[0005] In accordance with the invention, a solution involves, on the one 
hand, the provision of a process for damping torsional vibrations in which two 
subassemblies, which rotate relative to one another, interact with one another via 
at least one essentially tangentially effective elastic element, so that the length of 
the elastic element in dependence on a relative angle between the two rotational 
subassemblies is changed, and in which the degree of change in length can be 
varied in dependence on the relative angle. 

[0006] In accordance with the invention, a solution involves, on the other 
hand, the provision of a process for damping torsional vibrations in which two 
subassemblies, which rotate relative to one another, interact with one another via 
at least one elastic element, so that the elastic element is compressed in 
dependence on a relative angle, and in which the degree of compression can be 
varied in dependence on the relative angle. 

[0007] When torsional vibrations are damped using the process according 
to the invention, by varying the degree of change in length or degree of 
compression in dependence on the relative angle, the damping performance is no 
longer exclusively characterized by the elastic properties of the elastic element. 
Rather, the damping behavior can be adjusted by adapting the variation of the 
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degree of change in length or degree of compression, despite given elastic 
elements. Such a process is particularly suitable when springs and spring-like 
arrangements are used as elastic elements. 

[0008] Advantageously, the degree of change in length, and the degree of 
compression, respectively, is selected low, preferably almost equal to zero, at low 
relative angles starting from an idle position. In this way, the elastic element is only 
subjected to a marginal change in length or compression at low relative angles, so 
that a low torsional rigidity is realized, which is particularly desirable during idling 
of motor vehicles. 

[0009] In addition, the degree of change in length, and the degree of 
compression, respectively, can increase as the relative angle increases. Thus, the 
spring constant increasing with the relative angle of the elastic element is 
effectively simulated, so that the elastic element reacts "firmer" at greater relative 
angles than at smaller relative angles. 

[0010] Furthermore, the invention suggests a process for damping torsional 
vibrations in which two subassemblies rotate relative to one another and are 
coupled via at least one coupling element which opposes a relative movement of 
the two rotational subassemblies, whereby at least one thrust piston of the 
coupling element is displaced in dependence on a relative angle between the two 
subassemblies relative to a first one of the two subassemblies, while at the same 
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time acting on the first subassembly with a restoring force. 

[0011] Another solution suggested is a torsional vibration damper, in which 
two subassemblies rotate relative to one another and are coupled via at least one 
coupling element, which opposes a relative movement of the two rotational 
subassemblies, and in which the coupling element includes at least one thrust 
piston, which is so guided as to be displaced relative to the first subassembly in 
dependence on a relative angle between the two subassemblies while acting on 
the first subassembly with a restoring force. 

[0012] Upon coupling of the two rotational subassemblies, which coupling is 
characterized conventionally by a relative angle between the two subassemblies, 
this relative angle is superimposed, in accordance with the invention, by the 
displacement of the thrust piston. The damping behavior is thereby characterized 
according to the invention by the relative angle between the two subassemblies as 
well as by the displacement of the thrust piston in relation to the first subassembly. 
In this way, it is possible to influence the damping behavior more precisely through 
adjustment of the displacement of the thrust piston in relation to the first 
subassembly, compared to conventional processes and apparatuses. The 
displacement of the thrust piston with respect to the first subassembly in 
dependence on the relative angle between the two opposing rotational 
subassemblies corresponds to a translation of the movement of the first 
subassembly into the movement of the thrust piston. The translation is then 
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determined in dependence on the actual displacement at a particular relative 
angle. 

[0013] Any element of a torsional vibration dampers, which is part of a 
coupling between two subassemblies rotatable relative to one another and 
displaceable in dependence on the relative angle, can be used as thrust piston. 
The advantage associated with the invention is in particular evident when the 
displacement of the thrust piston is exploited to vary the degree of change in 
length of an elastic element, in particular a spring element. 

[0014] The advantages associated with the invention can be applied 
furthermore when the thrust piston contributes to the friction. Due to its 
displacement in relation to the first subassembly a frictional force between the 
thrust piston and the remaining subassemblies of the torsional vibration damper 
can be influenced as desired. 

[0015] On the one hand, the thrust piston can be tilted in a particular relative 
angle range in dependence on the relative angle in relation to the second 
subassembly. Hereby, the thrust piston in relation to its guidance may have at 
least one idle position and one displacement position, whereby in its idle position it 
rests against a contact area of the second subassembly, and its displacement 
position is tilted relative to the idle position. During this tilting, the movement of the 
first subassembly is translated into a movement of the thrust piston, so that the 
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first subassembly can rotate more freely, since the thrust piston of the coupling 
element essentially remains stationary during tilting. Since the coupling element 
opposes a relative movement of the two subassemblies, a restoring moment is 
transmitted via the coupling element and the thrust piston, respectively, even at 
very small relative angles between the two subassemblies. However, only very low 
frictional losses occur during tilting, so that during the transition from idle position 
to displacement position almost no frictional force is generated. This ensures a 
very good disengagement at low loads, especially during idling of motor vehicles. 

[0016] A simple embodiment of the invention is realized when the thrust 
piston is shifted along the first subassembly at least in a particular relative angle 
range in dependence on the relative angle. This is effected advantageously along 
a surface area of the first subassembly. This surface area can be essentially 
aligned in circumferential direction. Advantageously, the displacement movement 
is realized along a plane surface of the first subassembly. When there are several 
coupling elements, such plane surfaces can be realized by a polygonal surface 
area of the first subassembly. 

[0017] Such a displacement ensures, on the one hand, by way of a simple 
construction a displacement of the thrust piston in relation to the first subassembly. 
Furthermore this displacement enables also a control of the frictional behavior of 
the thrust piston in its guidance, in which a surface angle between the thrust piston 
and its guidance can be influenced as desired. Such influence of the surface angle 
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is especially possible when the displacement is effected along a plane surface of 
the first subassembly, since it is only necessary to provide a suitable 
complementary guide, such as, for example, a guide surface of the second 
subassembly, for effecting a respective angle. 

[0018] Due to the high rotational speeds and further loads which can act 
especially in axial direction of the torsional vibration damper, it may happen that an 
elastic element provided between two thrust pistons of the coupling element 
strikes against one of the two rotating subassemblies. This can be avoided by 
overlapping the thrust pistons at a particular relative angle, when the two thrust 
pistons are moved toward one another at a particular relative movement of both 
subassemblies. 

[0019] In this context, the term "overlap" refers to a situation in which parts 
of the thrust pistons have a same angular position in relation to the main rotational 
axis of the torsional vibration damper. By such an overlap, the guide length of the 
thrust pistons for the elastic element or a spring element located between the 
thrust pistons can be advantageously extended, so that the danger of striking can 
be reduced. 

[0020] In this context, the term "particular" means that also other conditions 
are possible, such as relative movements and relative angle, and should 
correspond to at least one of these conditions of the above-stated definitions. 
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[0021] A prolongation of the guide can be ensured by providing both thrust 
pistons with a lateral support surface for the spring element located between the 
thrust pistons and engaging in a corresponding recess of the respectively other 
thrust piston. Also, both thrust pistons can have an external support surface for the 
spring element located between the thrust pistons and having an axially external 
region provided with a slanted ramp surface. The recess and the slanted ramp 
surface, respectively, permit an overlap of both thrust pistons so that overall a 
considerably larger support surface is ensured. 

[0022] The above described features, in particular the overlap of both thrust 
pistons further enable a substantially greater rotational angle of the torsional 
vibration damper before the two thrust pistons strike each other. 

[0023] A guide surface for attachment to one of the rotational 
subassemblies may be provided in axial direction adjacent to the slanted ramp 
surface. This guide surface ensures that each thrust piston is sufficiently guided 
between the two rotational subassemblies, despite an interlocking engagement of 
the thrust pistons. 

[0024] Interlocking engagement of both thrust pistons and overlap of both 
thrust pistons can be realized, for example, by providing both thrust pistons, at 
least with respect to one of the two rotational subassemblies, with a receiving 
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position and an engagement position. Hereby, the term "receiving position" 
denotes a position of a thrust piston in which the other thrust piston can engage 
therein. Correspondingly, the term "engagement position" denotes a position of the 
thrust piston in which it can engage the opposite thrust piston which occupies the 
receiving position. 

[0025] For example, the receiving position may essentially correspond to 
the previously described idle position, while one thrust piston in its displacement 
position may pass also the engagement position when the two rotational 
subassemblies rotate in opposition to one other. 

[0026] In particular, each thrust piston may be tilted radially inwards in its 
engagement position in relation to the other thrust piston. Preferably, the slanted 
ramp surface of the one thrust piston engages in the engagement position 
underneath the slanted ramp surface of the second thrust piston. 

[0027] A secure guidance of the thrust piston in its engagement position can 
be ensured by forced movement thereof in its engagement position through both 
rotational subassemblies. 

[0028] On the other hand, means may be provided which secure one of the 
thrust pistons in its receiving position, when the second thrust piston occupies its 
engagement position. This can, for example, be realized by the spring elements of 
the coupling element itself. On the other hand, limiting means may be provided 



10 



which, at least at beginning engagement of one of the two thrust pistons in the 
second one of the two thrust pistons, form a stop which prevents an exiting of the 
receiving position of the second one of the two thrust pistons. Preferably, the stop 
leaves a certain clearance for the second one of the two thrust pistons, so that this 
stop does not substantially interfere with the free movement of the torsional 
vibration damper. On the other hand, the stop effectively prevents a premature 
impacting of the two thrust pistons. 

[0029] The assembly costs for such a torsional vibration damper according 
to the invention can be reduced if the coupling element has two essentially 
identical thrust pistons in opposition to one other. This is particularly true for the 
thrust pistons according to the invention which overlap one another. 

[0030] This can be ensured in particular by configuring the thrust pistons in 
relation to a radial plane of the torsional vibration damper asymmetrically, with the 
asymmetry so selected that the two thrust pistons oppose one another and 
interlock one another. 

[0031] Needless to say, that a torsional vibration damper with thrust pistons 
capable of overlapping each other is advantageous, regardless of the other 
features of the torsional vibration damper. The same is true for any combinations 
of features set forth in this context or for each of the feature mentioned in this 
context. 
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[0032] Further advantages, objectives and features of the present invention 
will now be described with reference to the attached drawing in which an 
exemplified torsional vibration damper according to the invention as well as a 
damping process according to the invention are illustrated. The drawing shows in: 

BRIEF DESCRIPTION OF THE DRAWING 

[0033] FIG. 1 a section of a torsional vibration damper; 

[0034] FIG. 2a-j is a schematic illustration of a progressive 

relative movement between two subassemblies of the torsional vibration damper 
according to FIG. 1 showing one of the pistons being displaced in the direction of 
the other piston. 

[0035] FIG. 3 a superimposed illustration of the movement 

pattern according to FIG. 2; 

[0036] FIG. 4 the transmission between the first subassembly 

and thrust piston in dependence on the relative angle; 

[0037] FIG. 5 a perspective view of a preferred thrust piston; 

and 
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[0038] FIG. 6 is a schematic illustration of a relative movement between 
two subassemblies of the torsional vibration damper with the two thrust pistons 
according to FIG. 5 in an idle position. 

FIG. 7 is a schematic progression of one of the thrust 

pistons moving into a displacement position. 

FIG. 8 shows the first thrust piston in FIG. 7 gradually 

moved along its guide toward the second thrust piston and slightly overlapping 
with the second thrust piston. 

FIG. 9 shows the first thrust piston of FIG. 8 fully 

overlapping with the second thrust piston. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0039] The torsional vibration damper depicted in the figures has two 
subassemblies 1 and 2 which rotate relative to one another and are coupled 
together by six coupling elements 3. Each of the coupling elements 3 includes 
spring elements 31 by which thrust pistons 30 are urged against a contact area 20 
of the second subassembly (the multiplicity of subassemblies are indicated by 
reference numerals only by way of example). 

[0040] The contact areas 20 are each part of a guide for the thrust piston 
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30, with the guide being formed by a guide surface 21 of the second subassembly 
2 and essentially a plane guide surface 1 1 of the first subassembly 1 . 

[0041] The movement of the thrust piston 30 determined by the guide in 
dependence on a relative angle between the two subassemblies 1 and 2 is shown 
in FIGS. 2a-j and 3. During a relative rotation between the two subassemblies 1 
and 2, one of the two thrust pistons 30 of each coupling element 3 is displaced, 
whereby the displaced thrust piston 30 at a same time acts with a restoring force 
upon the first subassembly 1 . Meanwhile, the other thrust piston 30 remains at the 
contact area 20 of the second subassembly. The relative movement between the 
two subassemblies 1 and 2 not only leads to a displacement of the thrust piston 30 
in relation to the second subassembly, but also to a relative movement between 
the thrust piston 30 and the first subassembly 1, as can be seen in FIGS. 2a-j and 
3. Hereby, the thrust piston 30 executes, on the one hand, a tilting motion from its 
idle position to a displacement position, and, on the other hand, is displaced along 
the guide surface 1 1 of the first subassembly 1 . 

[0042] FIG. 3 illustrates the progression of the piston 30 in FIGS, 2a-2j. The 
right piston 30 was resting against the contact area 20 of the second 
subassembly. The guide surface 1 1 of the first subassembly is shown as multiple 
black lines indicating eleven snapshots over time as the right piston is moved 
along the guide surface 1 1 . As the piston 30 progresses to the left, each black line 
shows at the right hand end a progressively shorter distance of the guide surface 
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1 1 relative to the piston indicating that at that stage, the first subassembly moves 
faster than the piston; that is, it moves underneath the piston resulting in a ration 
of translation of the movement of the first subassembly into the piston movement 
of less than 1. At a certain point during the relative rotation between the two 
subassemblies, the guide surface 11 and the surface 21 of the second 
subassembly form a confining guide path for the piston, so that the piston 30 is 
forced to move faster than the first subassembly while progressing toward the idle 
piston, thus resulting in a ratio of translation of first subassembly movement to 
piston movement of greater than 1 . 

[0043] In idle position (see, for example, the left hand thrust piston in FIG. 
3), the thrust piston 30 bears upon the contact area 20, on the one hand, and 
bears with a first thrust piston guide surface 32 on the guide surface 21 of the 
second subassembly, on the other hand, while only slightly touching the first 
subassembly 1 on its guide surface 11. In the displacement position, on the other 
hand, the thrust piston bears with a second guide surface 33 upon the guide 
surface 21 of the second subassembly, while bearing with its bottom side 34 upon 
the guide surface 1 1 of the first subassembly. The guide surfaces 33 and 34 of the 
thrust piston 30 are aligned in opposition to one another in a wedge-shaped 
fashion. 

[0044] In the event, both subassemblies 1 and 2 are moved relative to one 
another, the first subassembly 1 presses with its guide surface 1 1 one of the two 
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thrust pistons 30 of each coupling element 3 from its idle position into the 
displacement position. During this tilting motion, the first subassembly 1 slides 
underneath the thrust piston. At the same time, a slight change in length and 
compression of the spring element 31 is realized, so that the thrust piston 30 
applies a restoring force onto the first subassembly. The frictional forces 
encountered during this tilting motion are, however, extremely slight, so that in this 
context, during tilting motion almost no friction is present. 

[0045] As the first subassembly 1 slides underneath the thrust piston 30, a 
translation is realized between the rotational movement of the piston 30 about a 
main rotational axis of the torsional vibration damper and the rotational movement 
of the first subassembly 1 about this main rotational axis, that is, the thrust piston 
rotates slower than the first subassembly, resulting in a translation of rotational 
movement which is almost equal to zero (see FIG. 4). 

[0046] At slightly greater relative angles, the guide surfaces 33 and 34 of 
the thrust piston 30 bear upon the respective guide surfaces 21 of the second 
subassembly 2 and 1 1 of the first subassembly 1 . Hereby, the guide surface 21 is 
so designed that the thrust piston 30 initially rotates slower than the first 
subassembly 1 , so that the thrust piston 30 is moved away relative to the first 
subassembly 1 from the spring element 31. This effects a translation which is 
smaller than 1 (see FIG. 4). 
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[0047] From a relative angle of approximately 12°, the guide surface 21 of 
the second subassembly 2 is designed such that the thrust piston 30 rotates faster 
than the subassembly 1. This means that the thrust piston 30 in relation to the first 
subassembly 1 moves towards the spring arrangement 31. As a consequence of 
this relative movement of the thrust piston 30 in relation to the first subassembly 1, 
a translation greater than 1 :1 is effected. 

[0048] With regard to the spring element 31 , the translation depicted in FIG. 
4 means that the spring constant at translation values of less than 1 are virtually 
decreased, and spring constant with a ratio greater than 1 are virtually increased. 
Further, the frictional behavior of this arrangement can be influenced through 
appropriate selection of the pitch of the guide surfaces 32, 33 and 34, as well as 
11 and 21. 

[0049] Depending on requirements, this arrangement can be configured 
asymmetrically so that the translations of the right hand thrust piston 30 and the 
left hand thrust piston 30 differ. It is also possible to omit one of the thrust 
pistons 30 altogether. 

[0050] Through the relative movement of the thrust piston 30 with respect to 
the first subassembly 1, a variation of the degree of change in length, or degree of 
compression of the spring element 31, is realized in dependence on the relative 
angle. At lower relative angles, the degree of change in length is virtually equal to 
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zero, while also increasing with rising relative angle. 

[0051] The preferred thrust piston 30, depicted in FIG. 5, has a lateral 
support surface 40, which can guide the corresponding spring element 31 
according to FIG. 1. Likewise, the thrust piston 30 has an external support surface 
42 with an axial, external area forming a slanted ramp surface 43. 

[0052] Provided axially adjacent to the slanted ramp surface 43 is a guide 
surface 32. As depicted in FIGS. 6 to 10, this guide surface 32 can bear upon the 
rotational subassembly 2. 

[0053] In addition, the thrust piston 30 according to FIG. 5 has a recess 41, 
in which the lateral support surface 40 of the opposing, identical thrust piston 30 
can engage. 

[0054] As can be seen, the thrust piston 30 is designed asymmetrically in 
relation to a radial plane of the torsional vibration damper, with this radial plane 
being used, for example, as a plane of projection in FIGS. 6 to 10. In accordance 
with FIG. 1, this radial plane extends through springs 31. 

[0055] As depicted in FIGS. 6 to 10, the two identical thrust pistons 30 
according to FIG. 5 are arranged in opposition to one another and form together 
with a spring element, not shown in FIGS. 6 to 10, the respective coupling 
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element. Hereby, as clearly shown, the lateral support surface 40 of the one thrust 
piston 30 lies below the plane of projection, and the lateral support surface 40 of 
the other thrust piston 30 lies above the plane of projection. 

[0056] If the two rotational subassemblies 1, 2 are moved relative to one 
another, one of the two thrust pistons 30 (in the exemplified embodiment of FIGS. 
6 to 10, the left hand thrust piston) moves, as described above and depicted again 
in FIG. 7, in its displacement position, while the other thrust piston 30 (in the 
exemplified embodiment of FIGS. 6 to 10, the right hand thrust piston) remains in 
its idle position. 

[0057] As especially shown in FIGS. 7 to 1 0, the left hand thrust piston 30 is 
tilted in relation to the right hand thrust piston 30 radially inwards. At the same 
time, the spring element ensures that the right hand thrust piston 30 is tilted 
radially outwards, so long this is still possible in relation to its idle position. Thus, 
the spring element 31 acts as a means which fixes the thrust piston in its receiving 
position. From its initial position, as shown in FIG. 6, this can be ensured through 
slight lifting or slight tilting radially outwards. 

[0058] FIG. 8 shows the torsional vibration damper in its position 
immediately before the one thrust piston 30 engages in the other thrust piston 30. 
As clearly shown, the slanted ramp surface 43 of the left thrust piston 30 can 
engage, in this arrangement, underneath the external support surface 42 of the 
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right thrust piston 30. Likewise, it is clearly shown that the left hand thrust 
piston 30 is forced in its engagement position by both rotational 
subassemblies 1, 2. 

[0059] The spring element 31, is seen located between the two thrust 
pistons as shown in FIG. 1. As seen in FIGS. 7 and 8 (where only the thrust 
pistons are shown), the right hand thrust piston 30 displays a certain clearance. 
This clearance is between an impact area of the guide surface 44 at the 
subassembly 2 and an area where the thrust piston 30 impacts upon the projection 
45. Thus, an unimpeded movement of the subassemblies relative to each other 
can be realized, while avoiding that the right piston 30 will leave its receiving 
position and avoiding an engagement into the left hand thrust piston. 

[0060] FIG. 9 shows both thrust pistons 30 during impact in a schematic 
way (without the spring). Due to their asymmetrical configuration a closer 
engagement with each other is realized, which means a greater compression of 
the spring element can be realized. This also permits a considerably greater 
relative rotational angle between the two subassemblies 1 , 2 or, stated differently, 
a greater compression of the spring element 31 can take place at the same 
maximum rotational angle between the subassemblies. This is also particularly 
true for the radial external guidance as a consequence of the slanted ramp surface 
43. Furthermore, the lateral guide surfaces 32 also ensure a considerably safer 
and more stable guiding of the thrust pistons 30. This arrangement avoids an 
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impact of the spring elements 31 against the second subassembly 2, especially at 
high rotational speeds. 
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